The study describes the effect of stabilization on the stability of an indigenous live attenuated orf vaccine with stabilizers like LS, LHT and TAA after lyophilization and also reconstitution with NSS, PBS, distilled water and 1 M MgSO 4 exposed at different temperatures under established lyophilization conditions. The stability of the vaccine was assessed both in freeze-dried and reconstituted forms at different temperatures. The results indicated that the orf vaccine lyophilized with LS stabilizer at 25 and 45°C and LHT at 37°C found superior over others in stabilizing the keeping quality of the vaccine. Intrinsic thermo-stability studies revealed the rapid deterioration of the vaccine, when compared to the vaccine stabilized with the either of the stabilizers. Among the diluents used for reconstitution of the vaccine, quality in terms of infectivity titers of the virus was well preserved in vaccine diluted with 0.85% NSS compared to other diluents like PBS, DW and 1 M MgSO 4 . The 1 M MgSO 4 found unsuitable for diluting the orf vaccine. The study suggests that the LS at 25 and 45°C and LHT at 37°C are the choice of stabilizers and 0.85% NSS is the choice of diluent for orf vaccine at all temperatures contemplated.
INTRODUCTION
Orf is a non-systemic eruptive skin disease that occurs worldwide in sheep and goats (Mondal et al., 2006) . Orf virus (ORFV) is a DNA virus belongs to the genus Parapoxvirus, sub family Chordopoxvirinae of Poxviridae family. The disease is zoonotic and globally prevalent. Orf is enzootic in Indian sheep and goats (Hosamani et al., 2007; Dey and Kundu, 2009; Venkatesan et al., 2011; Yogisharadhya et al., 2012; Bora et al., 2012) . Orf is characterized by proliferative and often self-limiting skin lesions including papules, vesicles and rapidly growing scabs on the skin of lips, oral mucosa and around the nostrils. In severe cases, the skin of eye, Asian J. Anim. Vet. Adv., 10 (8): [365] [366] [367] [368] [369] [370] [371] [372] [373] [374] [375] 2015 udder or vulva may be affected including secondary bacterial infections with or without myasis (Housawi and Abu Elzein, 2000) . Orf is considered as economically important due to its high morbidity in adult animals, repeated infection of hosts by subverting the host immunity, cross infectivity to other species and its zoonotic potential (Hosamani et al., 2009) . Orf can be controlled by vaccination and live vaccines are used in some parts of the world.
Cryopreservation by lyophilization has become the accepted method for the long term preservation of sensitive biomolecules like live vaccines. These vaccines suffer serious deterioration in vaccination campaigns conducted in tropical and subtropical environments. The cause in most cases is due to the difficulty of maintaining the cold chain resulting in the loss of potency. In a live vaccine, viability of the virus dictates the efficacy. The success of immunization banks on the stability of the viral vaccine. In turn, the stability of the vaccine depends on the thermostability of the virus, property of stabilizer, the pH of the vaccine and the vaccine container. Temperature is an environmental factor and found to have a profound effect on the quality of vaccine. A lot of emphasis has been given on the vaccine quality studies performed under real storage conditions, in real-time and other environmental factors. It is mandated to have vaccine stability data prior clinical trial of a vaccine (WHO., 2005 (WHO., , 2009 . Further, one has to ensure that animal to be vaccinated receives a required dose of the vaccine. It is obvious that vaccines lose their potency over a period of time and the loss depends on temperature and other factors. Hence, heat resistant vaccine formulations have immense value during cold chain break-down (Levin et al., 2007) . It is possible to prolong the shelf-life of most of the vaccines at lower temperatures (Chen and Kristensen, 2009 ). Thus, to determine the optimum conditions for storage of vaccine and its use in the field, the data on the stability of the vaccine is a requisite. Similarly, the maximum temperature and durations that can be tolerated need to be demonstrated. The other crucial factor for lyophilized vaccine is reconstitution. Lyophilized vaccines lose their potency rapidly after reconstitution. Hence, the selection of a suitable diluent is also in indigence.
Temperature is not uniform across all places. Thus, maintenance of shelf-life of the vaccine is very difficult and needs cold chain. Like any other lyophilized live vaccines, live orf vaccine is not an exception in losing its potency on thermal effect. The vaccine requires cold chain for storage and transport. As a result, the cost of production and transportation are high and user's expenses are unavoidable, especially in developing tropical and semitropical countries. Therefore, evaluation of the vaccines for their thermo-stability with different stabilizers is much demanding in order to maintain the effectiveness of immunization through reduction of potency due to heat damage, reduce cold chain costs and logistical requirements. Therefore, the present manuscript describes the identification of a suitable stabilizer and a diluent for stabilization and reconstitution of live orf vaccine.
MATERIALS AND METHODS Cells and vaccine virus:
The seed virus (orf virus isolate, Muk 59/05) isolated from the scab of orf infected goat, serially passaged (P49) in primary/secondary lamb testes (PLT/SLT) and maintained in the pox virus laboratory was used for preparation of the vaccine. The vaccine virus was propagated and assayed on PLT cells. The PLT cells were cultivated in Eagles Minimum Essential Medium (EMEM) supplemented with 10% Fetal Calf Serum (FBS, HyClone) with antibiotics (Penicillin, 100 IU mL 1 and streptomycin, 100 g mL 1 ) and maintained in EMEM with 2% FBS. (Mariner et al., 1990) , LHT and TAA (Adebayo et al., 1998) were prepared following established protocols. The composition of LHT stabilizer was same as that of LS stabilizer except 10% trehalose dihydrate instead of sucrose with pH 7.2. The TAA stabilizer was prepared which contained trehalose dihydrate along with amino acids L-Alanine and L-Histidine with a pH of 7.4 (Adebayo et al., 1998) . Three different stabilizers and orf vaccine batches produced were tested for their sterility before lyophilization as described earlier (Sarkar et al., 2003; Riyesh et al., 2011) . The different diluents tested were, 1X PBS (phosphate buffered saline, pH 7.4), 0.85% NaCl (Sodium chloride), distilled water and 1 M MgSO 4 (Magnesium sulphate). Each stabilizer formulation was tested separately with aforementioned diluents.
Preparation of orf vaccine: Primary or secondary lamb testes cells were seeded into roller culture bottles (1700 cm 2 ) at a concentration of 2.5×10 7 cells and incubated. The roller bottles with confluent PLT/SLT monolayers were infected with vaccine virus at 0.01 Multiplicity of Infection (MOI). Infected bottles were incubated in a roller apparatus and examined daily for CPE. After 2-3 days post infection (dpi) when more than 80-90% CPE was observed, virus was harvested from the infected cells by repeated cycles of freezing (-80°C overnight) and thawing (at ambinet temperature for 3-4 h). To maintain uniform virus titre, virus hervests from all the roller bottles were pooled after first cycle of freeze-thawing, aliquoted and preserved at -80°C until lyophilized.
Lyophilization was carried out using Edwards Modulyo 4K freeze-dryer as described earlier (Riyesh et al., 2011) . Vaccine and stabilizers each were mixed in equal volumes. Taking sterile precautions, 1.0 mL of vaccine with stabilizer was dispensed into sterile freeze-drying vials using an automatic dispenser. The vials were half-closed with sterile rubber stopper to provide a vent during drying of the vaccine. The half-closed vials were then kept at -80°C for pre-freezing overnight. The vaccine vials were lyophilized at a condenser temperature of -60°C and a vacuum of 0.06 mbar. After 48 h, vials were rubber-stoppard under vacuum and tightly sealed with an aluminum cap under normal air pressure. A batch of vaccine containing different stabilizer formulations were lyophilized simultaneously under identical conditions to compare the quality of the vaccines in terms of Residual Moisture (RM) and loss in titre during lyophilization. To evaluate the intrinsic stability of vaccine virus, 1 mL of vaccine without any stabilizer was also freeze-dried under similar conditions. Virus titration: After each exposure at a specified temperature, the freeze-dried vaccine virus was re-hydrated and virus infectivity titer was quantified in PLT/SLT cells by estimating the 50% Tissue Culture Infectivity Doses (TCID 50 ) in a microtitre plate using standard protocols. Briefly, 10-fold dilutions of vaccine were made in EMEM and titrated in cell monolayer of PLT/SLT grown in 96-well micro-titer plates using four replicates per dilution (100 L well 1 ). The inoculated plates were incubated at 37°C in a humidified atmosphere in the presence of 5% CO 2 and observed for CPE. Virus infectivity was quantified by estimating the 50% tissue culture infectivity doses (TCID 50 ) and end points were calculated (Reed and Muench, 1932) .
Estimation of residual moisture: Thermo-gravimetric method was followed for estimation of Residual Moisture (RM) of the lyophilized vaccines (Worrall et al., 2000) . Accordingly, the mean weight of 10 vials from each vaccine batch was taken and then dried at 80°C for 20 h and the weight of water loss from the dried vaccine was expressed as percentage. Stability testing: The stability of live attenuated orf vaccine virus in the freeze-dried form was evaluated at 25, 37 and 45°C, whereas, following reconstitution stability was evaluated at 4, 25, 37 and 45°C temperatures.
Intrinsic thermo-stability: Orf vaccine virus was evaluated for its intrinsic stability at 37°C and 45°C temperatures. Six vaccine vials for each temperature without any extrinsic stabilizer were maintained at 37 and 45°C. The vaccine batches were sampled at an interval of 24 h for 15 days and reconstituted in 1 mL serum-free EMEM and the infectivity titers were calculated.
Impact of stabilizer on the quality of the vaccine after lyophilization process: There were four lots of freeze-dried vaccines with different stabilizers. The titer of each batch before and after lyophilization process was calculated to find out the loss in titer due to lyophilization process. Other physic-chemical properties including color, appearance and percentage of residual moisture attributing to the quality of vaccine were also assessed.
Thermo-stability of lyophilized vaccine: Ample number of freeze-dried vials of vaccine with each stabilizer was exposed at 25 and 37°C in incubators and 45°C in a dry oven. The vaccine vials were sampled from incubator (25°C) on monthly basis for 5 months; from 37°C on days 3, 5, 7, 10 and 14 and from 45°C at half-a-day basis (12 h) up to two days. Exposed samples were reconstituted with 1 mL of serum free EMEM and the infectivity titres of the vaccine virus in PLT/SLT cells were calculated. For each exposure, six samples (n = 6) were titrated and their log titers were averaged (Reed and Muench, 1932) .
Thermo-stability of reconstituted vaccine: Freeze-dried vials of each stabilizer were reconstituted with four diluents viz. phosphate buffer saline (1X PBS), 1 M MgSO 4 , Normal Saline Solution (NSS) and sterile Distilled Water (DW). For each stabilizer, three vials were taken and reconstituted separately with 1 mL of each diluent. Reconstituted vaccines were then exposed to 4°C (ice), 25, 37 and 45°C. The vaccine batches so incubated were sampled at 6 h basis for 48 h and the infectivity titers of the vaccine virus were calculated (Reed and Muench, 1932) .
RESULTS
Vaccine quality: Adsorption method was followed for production of vaccine. The virus was identified based on B2L gene specific PCR and sequencing (Hosamani et al., 2007; Venkatesan et al., 2011) . Different batches of orf vaccine containing LS (Batch I), LHT (Batch II) and TAA (Batch III) stabilizers were prepared. Freeze-dried vaccine was physically appeared from white to pink pellet depending on the stabilizer used. The vaccine batches were titrated before and after freeze-drying. The titers of each batch and other criteria attributing to the quality of vaccine are depicted in Table 1 . The initial harvest titers of all batches of vaccines were more than 6.0 log 10 TCID 50 mL 1 . The loss of virus during freeze-drying conditions for all the stabilizers was ranged from 0.45-0.80 log 10 TCID 50 . However, the vaccine stabilized with LS and TAA had least and highest RM, respectively (Table 1) .
Intrinsic thermo-stability: In order to assess the stability of the vaccine in the absence of extrinsic stabilizer, the intrinsic thermo-stability of the orf vaccine was evaluated at 37 and 45°C. Orf vaccine The results indicate that the orf vaccine was found to have a recommended titer of 5.0 log 10 TCID 50 (in a 100 dose vial) at 37°C for a period of 6.72 days, whilst at 45°C, this titer could be maintained only for 3.29 days with an initial vaccine virus tire of 6.10 log 10 TCID 50 mL 1 . However, the half-life of the vaccine without any stabilizer was 1.70 and 0.42 days at 37 and 45°C, respectively. The respective degradation curves for intrinsic thermostability of orf vaccine at 37°C and 45°C are depicted (Fig. 1) .
Thermo-stability of freeze-dried vaccine: Ample number of lyophilized vaccine vials was exposed at different temperature over different periods. The infectivity titers of all the vaccine combinations were assessed and subjected to regression analysis. The results indicate that the reduction in virus titer was not significant at all temperatures studied with respect to all the stabilizers (p<0.05). At 25°C, the infectivity titres of the freeze-dried vaccines were assessed for 5 months at monthly intervals and the shelf-life and half-life for each vaccine with different stabilizers with their degradation equations are depicted (Table 2) . Among the three stabilizers, only LS stabilizer could maintain the required infectivity titer in a 100 dose vial over entire sampling period (5 months), however, the LHT and TAA stabilizers could maintain the required titer less than 5 months. The shelf-life and half-life was also more in case of LS stabilizer compared to other two, indicating its superiority. At 37°C, vaccine stabilized with LHT found to maintain the required titer for a period more than 24.23 days followed by LS (22.03 days) and TAA (7.37 days). Similarly, the half-life of the vaccine is more for the LHT stabilized vaccine than that stabilized with other two stabilizers. However at 45°C, there was a reduction in the titre of virus with all stabilizers and respective half-life and shelf-life are depicted in Table 2 .
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Thermo-stability of reconstituted vaccine: Freeze-dried vaccines stabilized with different stabilizers were reconstituted in 1 mL of each of the four diluents to maintain a shelf-life of 100 doses (10 5.0 TCID 50 mL 1 )/vial and exposed at 4, 25, 37 and 45°C for 48 h. Infectivity titers for each sample in different stabilizers are shown in that of LS stabilized vaccines. The required titer was almost maintained with all diluents over the sampling period at lower temperatures (4 and 25°C), while, at higher temperatures, it was maintained only for 36 h. The 1 M MgSO 4 was found to be a poor diluent in both LS as well as LHT stabilized vaccines, but worked well with TAA stabilized vaccines at 37°C compared to other diluents. Vaccines stabilized with TAA could not maintain the required titer in the vaccines for more than 24 h with any of the diluents used. Overall, vaccines stabilized with LS stabilizer diluted with normal saline solution showed better stability, followed by LHT with PBS or NSS. The TAA stabilizer was found to be a poor stabilizer for orf vaccine in all the temperature studied. 
DISCUSSION
The present study was envisaged to compare the efficacy of three different stabilizers such as LS, LHT and TAA in preserving the infectivity of the lyophilized novel orf vaccine (ORFV Muk 59/05) at various temperatures and also the effect of reconstitution of the vaccine with diluents like NSS, PBS, distilled water and 1 M MgSO 4 . The vaccines were freeze-dried in batches using aforesaid stabilizers. There is no literature on the thermo-stability of orf vaccine; therefore, the current results are compared with two morbillivirus vaccines (Mariner et al., 1990; Sarkar et al., 2003) . The loss of titre under these freeze-drying conditions was ranged from 0.45-0.80 log 10 TCID 50 and was more (0.80 log 10 TCID 50 mL 1 ) with TAA stabilized vaccine. This is in accordance with the findings for Tissue Culture Rinderpest (TCRP) (Mariner et al., 1990) and PPR vaccines (Sarkar et al., 2003) stabilized with BUGS stabilizer. This loss could have been obviated, if the recommended freeze-drying conditions (Mariner et al., 1990) were espoused. It has been recommended to use trehalose dihydrate (non-reducing disaccharide) under precise control. However, here it was used under conventional freeze-drying conditions along with amino acids (L-Alanine and L-Histidine). Further, residual moisture is an additional factor contributing to the keeping quality of freeze-dried vaccines (Precausta et al., 1982) . Most of the live vaccines lose their potency rapidly at high RM and therefore, any freeze-dried vaccine is expected to have RM less than 3% (Burke et al., 1999) . In the current investigation, RM ranged from 4.26-6.20%, which is relatively high and it could be due to the absence of heating phase of the vaccine vials during secondary drying and the results are in conformity with the earlier ones (Sarkar et al., 2003) . Though, the ORFV is stable at ambient temperature, the data on the stability of it at various conditions are not available. In order to assess the stability of the vaccine virus at 37 and 45°C without any stabilizer, the intrinsic thermo-stability of the vaccine was undertaken. This is useful in the application of the vaccine at the field level. On comparison of the keeping quality (half-life and shelf-life) of the vaccine with and without stabilizers, it is observed that the fall in virus titer of the vaccine was relatively faster without a stabilizer than in the presence of a stabilizer as normally seen with any of the other live vaccines.
The major disadvantage of live attenuated vaccine is the maintenance of cold-chain, a costly affair. Therefore, it is desirable for an ideal stabilizer to maintain recommended titer in a vaccine vial for an extended period at a given temperature. Thermo-stability studies on different viral vaccines have been exhaustively conducted (Plowright and Ferris, 1962; De Boer and Barber, 1964; Plowright et al., 1970; Bansal et al., 1976; Sarkar et al., 2003; Riyesh et al., 2011) . The infectivity titers obtained in this study were analyzed by regression. The decrease in titre was not significant at all temperature with all stabilizer combinations. This is possibly due to short duration of study at higher temperatures (14 days at 37°C and 48 h at 47°C). At 25°C, LS stabilizer found better in maintaining the quality of the vaccine in terms of shelf-life and half-life compared to LHT and TAA. However at 37°C, orf vaccine stabilized with LHT stabilizer showed better stability than that of LS and TAA. Earlier studies have indicated that the increased concentration of trehalose dihydrate prolonged the stability of TCRP and PPR vaccines (Worrall et al., 2000) . It is known that the trehalose protects cell membrane, protein and other molecules from drying and also preserve the natural biological activity of the molecules. It forms protective layer around the protein and other biomolecules protecting biological/s under adverse conditions like extreme temperatures, hypertonia and dehydration. Trehalose has become natures dessiprotectant (Worrall et al., 2000) . In a desiccating environment, trehalose dries as a transparent glass and results in vitrification. This prevents the expansion of fluids and cells from disruption. Trehalose provides a micro scaffold and supports the tertiary structural integrity of biomolecules and reduces degrading molecular reactions to insignificant levels (Levin et al., 2007) . It is inert, non-toxic, nonhygroscopic and re-dissolves exhibiting solubility. In the present study, possibly one of these effects might had a role in preserving the quality of vaccine at 37°C, though not contemplated in this case. At this temperature, the vaccines stabilized with LS with a titer of 5.7 log 10 TCID 50 mL 1 should be utilized within 22.03 days, if 100 doses are destined to be used with a protective titer of 3.0 log 10 TCID50/dose, whilst, TAA stabilized vaccines should be utilized within 7.37 days. However, TAA stabilizer found unsuitable for orf vaccine at this temperature. At 45°C, all three stabilizer combinations showed stability up to 29 h only after which the titers were drastically receded. At this temperature, both LS and LHT found advantageous over the other.
The findings in respect of thermo-stability of reconstituted vaccine were interesting. Except in few cases, the recommended titer for a 100 dose vial (5 log 10 TCID 50 ) was maintained up to 48 h at 4 and 25°C with all the four diluents used. But at 37 and 45°C, NSS and PBS performed well for 42 h, but thereafter, the titer receded rapidly, whereas, 1 M MgSO 4 diluent found unsuitable even at lower temperatures. The vaccine reconstituted with NSS can be used at ambient temperatures even up to 42 h and possibly more.
CONCLUSION
To sum up, three different stabilizer formulations were compared in terms of their thermo-protective effect on a novel live attenuated orf vaccine virus (ORFV Muk 59/05) under conventional lyophilization conditions. The LS stabilizer found superior in maintaining the quality of orf vaccine for an extended period at 25°C followed by LHT and TAA. However at 37°C, LHT was found better over others and at 45°C, both LS and LHT performed well under conventional lyophilization conditions. Among the diluents, NSS was a diluent of choice for reconstitution of the orf vaccine.
